Although it is commonly agreed that the first derivative of the ground state absorption spectrum 
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To exclude thermal effects we performed temperature dependent measurements using a cryostat equipped with a liquid nitrogen reservoir. We observed that the signal is weakly sensitive to changes in temperature (Fig. S1) . A very small red-shift (approximately 2 nm when moving from 300 K to 130 K) of the ∆ܶ ܶ ⁄ zero (and thus of the ground-state absorption spectrum) can be detected for decreasing temperatures. This excludes geometrical re-arrangement (i.e. diameter distortion) and thermal effects as a possible origin of the observed signal, as the increase in temperature is extremely weak in TA experiments at 1 kHz [5] and the ∆ܶ ܶ ⁄ signal is reproduced by a shift of more than 10 nm. To exclude biexcitons and trions we performed measurements with different pump-photon energies on a very broad probe region, ranging from 340 nm to 650 nm. We notice that: i) we always obtain the same derivative shape both for resonant and non-resonant excitation with respect to the excitonic transitions (Fig. S2) ; ii)
we observe a clear derivative shape in a probe region far from any excitonic peak (Fig. S2 ). The first observation (i) rules out bi-excitons as a possible explanation, as we expect that more excitons, and consequently bi-excitons, are formed with resonant excitation. Trions, instead, can arise when a charge is photogenerated from the pump pulse and thus can also appear with non-resonant excitation. The second observation (ii) points out that the whole ground state absorption spectrum (and not only excitons) undergoes a red shift upon photoexcitation. This excludes both bi-excitons and trions, whose appearance should depend selectively on the excitonic transitions. On the contrary, the Stark effect lacks this selectivity and simply modifies the whole absorption spectrum.
The interpretation of the derivative shape in the ∆ܶ ܶ ⁄ as induced by Stark effect can be successfully extended to other modulation spectroscopy experiments. For example, from the analysis of the signal on S 33 it appears that the presence of a dense continuum of states plays a fundamental role in the ∆ܶ ܶ ⁄ spectra and thus we expect to find a similar derivative shape already on S 11 for those tubes with small binding energy, such as metallic tubes. This experiment was performed on isolated metallic CNTs by Gao et al. [6] , resulting in the expected derivative shape which was, instead, interpreted in terms of biexcitons. Similarly, Ham et al. [7] found a surprisingly high electro-absorption signal in the UV region with respect to the first and second excitonic subbands, which was further enhanced by the presence of metallic CNTs. This discussion deserves at least two additional comments. First, the red-shift of the ground state absorption spectrum induced by bi-excitons or trions is determined by their binding energy and thus we would expect a bigger red-shift for strongly bound excitons [8] such as S 11 with respect to S 33 or, similarly, for semiconducting SWNTs with respect to metallic ones. On the contrary, the red-shift due to Stark effect is inversely proportional to the exciton binding energy [9, 10] , in accordance with the experimental evidences. These considerations further exclude bi-excitons and trions as a possible
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explanation for the observed ∆ܶ ܶ ⁄ signal. Second, the nature of S 33 in semiconducting SWNTs is still matter of debate. Rayleigh scattering experiments have demonstrated that it is consistent with an excitonic model [11] , nevertheless it shows features ascribable to unbound electron-hole pairs [12, 13] , in contrast with theoretical studies which predict high binding energies [14] . Our results confirm that S 33 has a low binding energy, in analogy with M 11 of metallic tubes.
Finally, we check that the power law decay dynamics of the 363 nm signal is independent from the excitation fluence, thus excluding bimolecular recombination processes (Fig. S3 ).
Supplementary Figure S1 . ∆ܶ ܶ ⁄ spectra at a pump-probe delay of 10 ps as a function of temperature.
The sample was excited with a broadband IR pulse while the probe was obtained by white light generation on a CaF 2 plate. reproduced by the sum of three contributions: ‫ܣ∆‬ ௧ ൌ ‫ܣ∆‬ ‫ܣ∆‬ ௌ௧ ‫.ܭ‬ First, we run the fitting routine for each ∆A spectrum (i.e. at different pump-probe delays) and we set the shape (i.e. peak position and broadening) of ‫ܣ∆‬ and ‫ܣ∆‬ ௌ௧ from the average of the values obtained for each pump-probe delay. After this, the shape is kept constant and we only vary its amplitude as a function of the pumpprobe delay. We thus obtain both spectral information and dynamics (the evolution of the amplitude of each component) of the three signals. We decided to keep the shape of ‫ܣ∆‬ and ‫ܣ∆‬ ௌ௧ fixed since, from the first fitting routine, the parameters undergo only slight changes without any specific temporal trend. In particular: i) ‫ܣ∆‬ is obtained from a Lorentzian function, typical of excitonic transitions [11] , peaked at 3.55 eV with 170 meV FWHM; ii) ‫ܣ∆‬ ௦௧ is the difference between two Lorentzian functions with 170 meV FWHM peaked at 3.42 eV and 3.55 eV; iii) ‫ܭ‬ is a constant over the entire probe energy region. Interestingly the constant ‫,ܭ‬ which we attributed to excited state absorption to the continuum of states [5] , shows exactly the same dynamics of the PB signal, indicating that it arises from S 11 . This PA band was already observed at low energies (≈ 300-400 meV), setting a lower limit for the exciton binding energy [15] .
Finally, we convert again our model to ∆ܶ ܶ ⁄ as a function of the probe wavelength. The large broadening of the Lorentzian excitonic function for high energetic excitons is in good agreement with recent experiments [16] and might be additionally altered by environmental effects [17] . This kind of analysis is necessary in order to separate the different contributions arising from excitons (PB and PA) and charge-carriers (Stark effect). From the study of the obtained dynamics (Fig. S4) , we observe that the three components are formed within our temporal resolution (≈ 50 fs). The linear trend of the signal with respect to the pump fluence excludes non-linear processes such as two-photon absorption or excitonexciton annihilation [3] . Thus, the most feasible mechanisms for charge-carrier photogeneration remain direct excitation or ultrafast linear exciton dissociation. Direct excitation is easily accessible with high energetic photons [9] while possible mechanisms for exciton dissociation are still largely discussed.
Recent experiments [18] show that S 22 will more likely undergo dissociation into free electron-hole pairs
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with respect to relaxation into S 11 . Nevertheless, S 22 lies in the continuum of states and thus exciton dissociation processes are more likely, while dissociation of S 11 was predicted to occur only in presence of intense external electric fields [19] . Experiments in this direction are indeed controversial, showing both field-induced exciton dissociation [20, 21] or linear exciton dissociation and instantaneous free carrier generation [5, 22, 23] . 
Supplementary

S3. Bi-excitons and Stark effect
Both bi-exciton and Stark shift are Coulomb related phenomena, and bear similarity. For this reason it is worth to further discuss the experimental data in order to confirm that the observed red-shift of the absorption spectrum actually arises from Stark effect.
1. Different dynamics between S 11 or S 22 and S 33 . The interpretation of the pump-probe signal as a bi-exciton implies that that the decay dynamics are the same for the S 11 , S 22 and S 33 transitions,
given that the excitation conditions are the same. In particular, they will follow the decay dynamics of excitons since the pump pulse will only generate excitons and their lifetime will determine the S7 probability for the probe pulse to generate a bi-exciton. 2. Derivative shape is independent from excitation wavelength. we have shown that the derivative shape over a very broad probe wavelength region is independent from the pump wavelength (also in agreement with Ref. 22 ). The observed energy shift depends on the local field that in turns depends on the local geometry, but enhancing the number of charges leads to more modulation sites, not to a larger modulation. In the experiments, the fluence for each excitation wavelength was adjusted in order to obtain the same transient absorption signal. Nevertheless, since we study the shape of the ∆T/T signal (the energy-shift) and not its amplitude, the number of photogenerated charges is not of primary importance. To explain this in term of bi-excitons, instead, we need to assume that any excitation wavelength leads to the formation of S 11 excitons but instead we know that: i) S 11 excitation generates also charges [5, 22] ; ii) S 22 excitation generates charges with high yield due to spontaneous exciton dissociation [18] ; iii) above-gap out of resonance excitation does not give rise to excitons, but on the other hand it has been shown to generate charges.
3. Red-shift affects also a spectral region far from excitons. In our previous work [5] we showed that the red-shift of the absorption spectrum affects also a spectral region far from excitonic transitions. This can be observed also in Figure S2 , where we zoom in on the region between 400 nm and 500 nm and we show (red line) the fit obtained by a simple red-shift of the absorption S8 spectrum. In this probe region there are no excitonic transitions related to the (6,5) SWNTs and thus the signal cannot be attributed to bi-excitons. These spectral features can be easily interpreted in terms of charge-induced Stark effect since the induced electric field lacks selectivity and acts on the whole absorption spectrum.
4. Binding energy of the biexciton is not consistent. In the case of bi-exciton the red-shift of the absorption spectrum can be used to derive its binding energy [26] and we expect that a bi-exciton formed by S 11 +S 22 ("excited bi-exciton") is more stable than a S 11 +S 33 bi-exciton. This would result in larger red-shifts on S 22 with respect to S 33 , in contrast with our experimental evidences that show exactly the opposite trend. In fact the shift on S 22 is always smaller than the value obtained for S 33 . Considering the calculation by Pedersen et al. [27] for the S 11 -S 11 bi-exciton we can estimate that ‫ܧ‬ ଵଶ ‫ܧ‬ ଵଷ (where 
S4. Charge induced screening and Stark effect
Photogenerated charge-carriers may also lead to enhanced screening. Moreover, both carrierinduced screening and Stark effect have the same effect (red-or blue-shift) on the optical transitions.
However, Stark effect is more suitable to explain our results, as we discuss in the following. First, as we have already noticed, the red-shift affects also the energy region between S 22 and S 33 , thus far from S9 excitonic optical transitions; this shift cannot be explained by carrier induced screening. Second, we can compare our results with recent studies that involve carrier induced screening of excitons:
1. Steiner et al. [28] observe, for a relatively small shift (20 meV) of the excitonic transition, a drastic reduction of the optical absorption. This observation is not consistent with our experimental data, since the simultaneous presence of a red-shift and a reduction of the absorption would result in a strongly asymmetric "derivative-like" shape of the transient absorption spectra (in other words large bleaching + small red-shift), which is clearly not the case in our experiments (the signal is dominated by red-shift and the shape is almost perfectly symmetric).
2. Spataru et al. [29] predict very small changes in the optical transitions (they predict a blue-shift of S 11 and S 22 ) upon large doping, while the main effect in their theoretical calculations regards a band-gap renormalization of the electronic band-structure. Moreover, according to their calculations the effect of doping is stronger on S 11 with respect to S 22 . This last point, in particular, is in strong contrast with our experimental results, that show a stronger shift (always a red-shift) for higher energetic excitons.
Instead, Stark effect can explain all our experimental observations: (i) the local electric field acts on the whole absorption spectrum, including the energy region far from excitons; (ii) the large red-shift arises from the extremely intense local electric field due to photogenerated charge-carriers; (iii) the red-shift is stronger for high energetic excitons since they have smaller binding energy (as we discuss in the manuscript).
S5. Pump fluence and linearity
The evidence of a charge photogeneration yield that is linear with respect to the pump fluence for S 11 excitation is in agreement with optical pump -THz probe experiments [22, 23] . Similarly, Kumamoto et al. [18] found that S 22 spontaneously dissociates into charge-carriers. Of course, also non-linear processes such as two-photon absorption or exciton-exciton annihilation might occur at higher excitation fluences and be responsible for charge photogeneration, but the two different excitation scenarios do not exclude each other. Exciton-exciton annihilation is expected to occur in the saturation regime, thus with a sublinear dependence with respect to the pump fluence. In particular, experiments by Yuma et al. [30] pointed to the description of charges (through the detection of trions) on S 11 , which retains a strong excitonic behaviour and it is thus not the ideal probe for charge-carriers. It might be that when probing the S10 S 11 exciton a higher charge photogeneration yield, enhanced by the presence of non-linear mechanisms, improves the detectability of charge-related phenomena. This, instead, is not necessary on S 33 , which turns out to be the ideal probe for charge-carriers. In our experiments the shape of the ∆T/T signal ( fig. 2c in the main text) is the same for all the different fluences, thus confirming that even at lower fluences (and thus in the linear regime) the charge induced Stark effect dominates the S 33 signal. If charge photogeneration would be limited to the saturation regime (thus arising from exciton-exciton annihilation), we would instead expect the appearance of the derivative shape only at higher fluences, which is obviously not the case.
Moreover, we point out that the saturation of the ∆T/T signal might arise also from saturation of the pump-pulse absorption. This is also the case of ref. [30] , as they observe at page 5: "The saturation mechanism observed here cannot be totally explained by the EEA and suggests a saturation on the pump pulse absorption".
Supplementary Figure S6 . Absolute value of the ∆ܶ ܶ ⁄ peak signal at 363 nm as a function of the pump fluence (absorbed photons/cm 2 ). The linear fit is performed on the first three points. 
S6. Fourier transform of the RBMs
S7. Determination of the initial electron-hole distance L 0
In order to calculate the initial electron-hole distance L 0 we proceed as follows. We fit the normalized differential transmission with a power law decay ∆் ் ൌ ‫ܣ‬ • ‫ݐ‬ ି.ହ , which can be interpreted as the probability to survive at geminate recombination for a delay ‫.ݐ‬ This is given, from ref. [31] , by Ωሺ‫ݐ‬ሻ ൌ ݊ ‫ݐܹߨ2√‬ ⁄ . With simple algebra we have ݊ ൌ ‫ܣ‬ • √2ߨܹ, being ܹ the diffusion rate, ݊ ൌ ‫ܮ‬ ܽ ⁄ the normalized initial particle separation ‫ܮ(‬ is the initial particle distance and ܽ a characteristic unit of length) and ‫8.0~ܣ‬ • 10 ି ‫ݏ‬ ଵ/ଶ a fitting parameter. We estimate the diffusion rate W as the inverse of the scattering time ߬ ൌ ݉ ௩ ߤ ሺ0.32݁ሻ ⁄ , where ݉ ௩ is the effective mass and ߤ is the charge-carrier mobility [32] , in the order of ߤ~10 ଷ െ 10 ସ ܿ݉ ଶ ‫ݏܸ/‬ for SWNTs [32] . With these values we obtain ݊ ~1 .5 െ 5, and thus ‫ܮ‬ ~1 .5 • ܽ െ 5 • ܽ . We now need to estimate the characteristic length ܽ . Our model describes a random walk recombination on a one-dimensional space by introducing a hopping rate. This is associated to a jump length that is parametrized on the metrics of the space. From the physical point of view, this implies a lattice of sites that the particle occupy during propagation. Often the space geometry is not periodic, due to disorder. In a disordered crystals of well-defined physical units, like a molecular solid, the average inter unit (intermolecular) distance is an obvious choice for the jump length. In a crystal where polaronic states are propagating, the correct metrics to be adopted is not trivial, and it is associated S12 to the polaron size. In the case of SWNTs, we think the correct order of magnitude is the fundamental cutoff length of the 1D space, of the order of the diameter of the tube, thus ܽ ~1 ݊݉. Alternatively, the exciton correlation size, as previously measured, could suggest the jump length as 2 nm. In both cases we find that the initial distance is not very large, far smaller than the tube size, and consistent with the idea of an excitonic transition to an initial state that is ionized and undergoes geminate recombination, according to the kinetic found.
